The Society for Modeling and Simulation International (SCS) is celebrating its 60th anniversary this year. Since its inception, the Society has widely disseminated the advancements in the field of modeling and simulation (M&S) through its peer-reviewed journals. In this paper we profile research that has been published in the journal SIMULATION: Transactions of the Society for Modeling and Simulation International from the turn of the millennium to 2010; the objective is to acknowledge the contribution of the authors and their seminal research papers, their respective universities/departments and the geographical diversity of the authors' affiliations. Yet another objective is to contribute towards the understanding of the overall evolution of the discipline of M&S; this is achieved through the classification of M&S techniques and its frequency of use, analysis of the sectors that have seen the predomination application of M&S and the context of its application. It is expected that this paper will lead to further appreciation of the contribution of the Society in influencing the growth of M&S as a discipline and, indeed, in steering its future direction.
Introduction
The Society for Modeling and Simulation International (SCS) is a technical society that is devoted to furthering the field of modeling and simulation (M&S). From its inception in 1952 to the present day, the Society has effectively engaged the community it serves and has played a significant role in advancing research in simulation and allied computer arts, in applying research for solving realworld problems, in fostering networking among professionals, in organizing and sponsoring leading conferences in this area, in providing outlets for scholarly research (through Society publications) and in recognizing the achievements and contributions of both Society members and the M&S community at large. 1 As we celebrate the 60th anniversary of the Society, we believe that a fitting tribute to those 'scientists and engineers, who had actively shaped and influenced the growth and development of SCS and continue to contribute to the theory, methodology and applications of simulation science' 2 would be to present a snapshot of their scholarly contribution by undertaking a profiling study of literature that has been published in the Society's publication. So as to eliminate the ambiguity between the name of the journal and the discipline that it caters to (both being 'simulation'), the journal will henceforth be referred to in uppercase italics, i.e. as 'SIMULATION'. Although we would have liked this analysis to have encompassed the last 60 years of the history of SCS, the limited time available to us and the manual statistics compilation were the barriers that kept this analysis down to 11 years. In this study, therefore, we have considered papers that have been published from the beginning of the new millennium until 2010. Thus, the timeframe of our analyses covers a total of 11 years (2000-2010) .
In the context of scholarly publications, profiling is considered to be an art of introspection 3 that aims to benefit a specific audience. Reviewing and profiling existing publications can help to identify currently under-explored research issues and select theories and methods appropriate to their investigation, all of which are recognized in information systems as important issues for conducting fruitful, original and rigorous research. 3, 4 It can be argued that the same holds true for research in M&S and, indeed, most other research areas. A profiling exercise acknowledges the contributions of the authors in the development of the field (e.g. through presentation of metrics on author productivity); it identifies the geographical diversity of the author base (e.g. through presentation of metrics associated with Universities and the Departments that the authors belong to); it helps identify the major research issues and paradigms (e.g. through an analysis of keywords and future research directions); it categorizes the application areas, the research methodology, the context of its use, etc. (e.g. by reading the abstracts and the full text); it highlights published research with the highest impact (e.g. by compiling statistics related to citation count), etc. Examples of such studies include those conducted with relation to a particular journal, 3, 5, 6 studies that compare between journals, 7, 8 or indeed those that aim to methodologically study a specific sector through a review of literature, e.g., manufacturing and business, 9 healthcare, [10] [11] [12] and supply chain management. 13 The aim of this paper is to profile research published in SIMULATION: Transactions of the Society for Modeling and Simulation International between 2000 and 2011. Towards realization of this aim the paper has the following objectives (it is to be noted that these objectives can be mapped to the 11 analyses presented in the findings section of this paper).
To analyze the authorship count and determine
the average number of contributing authors. 2. To determine the geographical location associated with the majority of publications. 3. To determine the authors' designation. 4. To identify the institutional departments associated with the majority of publications. 5. To identify the universities and other organizations associated with the majority of publications. 6. To identify the most productive authors. 7. To identify the most-cited papers through citation analysis. 8. To determine the most commonly used M&S techniques. 9. To identify the broad areas/sectors associated with the application of M&S. 10 . To identify the specific fields (within the aforementioned areas/sectors) where the application of M&S is widespread. 11. To identify topics for future research
The contribution of this profiling paper is twofold. First, it highlights the significance of the journal (and indeed the Society) in the advancement of the field of M&S. Second, it adds to the knowledge base of M&S by identifying various topics (e.g. simulation techniques and application context, future research directions) that are considered important for research and practice. The remainder of this paper is organized as follows. In the next section (Section 2) we present an overview of the journal. This is followed by a description of the methodology that was used to conduct this research (Section 3), the presentation and analysis of the findings (Section 4) and discussion and conclusion (Section 5).
Overview of the journal
SIMULATION is a peer-reviewed journal of the SCS and has been in circulation since 1963. The journal is devoted to the publication of scholarly literature that furthers the discipline of M&S. More specifically, it encourages submissions on methodology and applications and has a strong inter-disciplinary focus. 14 Presently in its 88th volume, it is indexed in numerous scholarly databases (including the ISI Web of Knowledge) and has a 5-year impact factor of 0.812. 15 The reputation of the journal has meant that it continues to attract a large number of submissions, which are then subjected to peer review (each submission is usually allocated three reviewers); and this constant throughput of original research and review articles have ensured that the journal has continued to offer a monthly publication frequency. The number of research papers that were published in the time span 2000-2010 varied from a minimum of 39 in 2001 to a maximum of 56 articles in 2002, with a yearly average of around 48 papers (Table 1) . Table 1 . Total number of papers published (2000) (2001) (2002) (2003) (2004) (2005) (2006) (2007) (2008) (2009) (2010) .
Year
Number of papers   2000  44  2001  39  2002  55  2003  48  2004  48  2005  54  2006  55  2007  51  2008  44  2009  45  2010 42
Total 525 Yet another indicator of the journal's reputation is the number of special issues that have been published over the years. Academics and practitioners acted as Guest Editors of Special Issues realizing the dissemination potential of the journal and its standing in the international M&S community. This is best demonstrated by the fact that the total number of special issue papers that were published between 2000 and 2010 was 267: this represented approximately half of all articles published. However, as can be seen from Table 2 , there is considerable variance in the Table 2 . Special issues and the total number of papers in each issue (2000 -2010) . number of journal issues that were devoted to these special issues. The special issue topics also demonstrate the focus of the journal on methodology and theoretical papers, as well as application-oriented papers.
Literature profiling methodology
The profiling exercise required the authors having to undertake an exhaustive review of papers that were published in the journal from 2000 to 2010. SIMULATION is the monthly publication of the Society, thus, every volume (from 2002 onwards) usually has 12 issues. The publication frequency is largely consistent during the period of analysis, the exception being the double issues that were published within this timeframe. The papers published in the journal generally belong to one of the two categories: regular articles or special issue articles. However, between 2000 and 2004, articles were published under several other categories, including introduction to special issues (total of 15 articles between 2000 and 2004), columns on AI and simulation (19 articles), the art of modeling (2 articles), the economics of modeling and simulation (2 articles), advances in modeling and simulation (7 articles), multiple short articles under the heading simulation in the service of society (21 articles), spotlight on M&S activities (3 articles), society news and M&S news (20 articles) and special issue call for papers (21 articles) ; it is to be noted that calls may appear in multiple issues. Most of the articles under these supplementary categories cannot be considered as having undergone a peer-review. Hence, in the analyses presented in this paper, we have only considered regular articles (258 papers) and special issue articles (267 papers). Thus, the total number of papers selected for the analyses is 525 (Table 1) .
For every paper included in the analysis, the authors captured data on variables pertaining to the year of publication, the number of contributing authors, the author names and their affiliations (both university and department, together with their geographical location), the background of the authors (e.g. academic or practitioner), the designation of the authors, whether the paper appeared as part of a regular issue or a special issue, the simulation technique that was applied, the application domain/sector, the context of its application within a particular domain/ sector, the directions for future research and the metrics on paper citations from Google Scholar and ISI Web of Science. Extracting detailed information of the aforementioned variables not only required reviewing the author information, the abstract, the conclusion (to identify future research topics) and the keywords of every paper, but in some cases it was necessary to read the full text (for example, to capture data related to the simulation techniques used, its domain/sector of application and the context of its application). Collation of data pertaining to these variables enabled the analysis of additional parameters such as the productivity of authors, institutional contributions, citations of selected articles and the geographic regions.
Data pertaining to variables such as the number of contributing authors, author names, institutional affiliations and citation count, were collated without the need for a second review, since capturing this information did not require any subjective decision making on the part of the authors. Thus, data pertaining to these variables can be recalculated and the corresponding tables (presented in Section 4) regenerated. However, for variables that required decisions to be made by the authors (e.g. the simulation techniques used, the application domain/sector and the context of its application), a peer-review approach was adopted so as to limit any bias. The rest of this section discusses information specific to the individual variables. For the benefit of the reader, we have indicated the particular subsection (under Section 4) where the corresponding variable analysis can be found.
Analysis based on authorship (Section 4.1)
This analysis was made possible by keeping a count of the number of contributing authors in a paper.
Analysis based on authors' geographical location (Section 4.2)
The geographical location of the authors' affiliations was the underlying data used for this analysis. This analysis has taken into consideration the double affiliations reported by seven authors.
Analysis based on authors' designation (Section 4.3)
Almost all of the papers in our dataset included author biographies at the end. Using this information we were able to collate statistics on authors' background (university or non-university) and also their designation.
Analysis based on authors' departmental affiliation (Section 4.4)
Data pertaining to the authors' department was not always available in the articles. Moreover, for capturing data in a readable way, we clustered departments with similar subjects and backgrounds in an attempt to minimize the number of different department names.
Analysis based on authors' institutional affiliations (Section 4.5)
The data for this analysis was readably available as almost all the papers indicated the institutional affiliation of the contributing authors. This data also allowed us to perform an analysis of institutions that are not engaged in teaching (we refer to them as 'practitioner organizations'). Further, this allowed us to perform an institutional publication analysis by using four different measures -normal count, weighted count, adjusted count and straight count. These measures have been previously identified by Chua et al. 16 in the context of author productivity. The measures are described next, along with their underlying assumptions. 16 • Normal count: We assign a weight of 1 to all of the institutions associated with the co-author.
The assumption here is that the contribution of every author, and thereby the institution, is equal and that more authors increase the value of the paper. • Weighted count: Institutions are given a reduced weight based on the number of co-authors. We follow the weighting scheme used by Shim et al. 17 and award 1 point to the institutions affiliated to single-author papers, 0.7 points if the paper has two authors, 0.5 points if the paper has three authors and, finally, 0.3 points if a paper has four or more authors.
The assumption here is that the marginal contribution of the institution is greater for research published by fewer authors. • Adjusted count: This is similar to the weighted count, except that the weight of each article is 1 and it is divided by the total number of authors; and this is the score awarded to each institution. The assumption here is that every article is equivalent (weight of 1) and the contribution of each author, and thereby the institution, is equal. • Straight count: We assign a weight of 1 to only those institutions to which the first author belongs to.
The assumption here is that every article is equivalent and the first author is responsible for the creation of the idea.
Analysis based on authors' publications (Section 4.6)
The author publication analysis was made possible by the aggregation of papers relative to each author. Similar to the institutional productivity analysis conducted in Section 4.5, we have applied four different measures in an attempt to identify the most productive authors. The four measures are normal count, weighted count, adjusted count and straight count; 16 the assumptions underlying the different measures are similar to the above.
• Normal count: We assign a weight of 1 to all of the authors associated with a particular publication. • Weighted count: Authors are given a reduced weight based on the number of co-authors. We follow the weighting scheme used by Shim et al. 17 and award 1 point for single-author papers, 0.7 points if the paper has two authors, 0.5 points if the paper has three authors and 0.3 points if paper has four or more authors. • Adjusted count: The weight of each article is 1 and it is divided by the total number of authors; and this is the score awarded to each author. • Straight count: If there are multiple authors, only the first author is given credit for the work and receives a weight of 1.
It should be noted here that, although the author productivity data captured will be identical to that captured for institutional productivity, however, separate measures are required to cater for a scenario wherein the author may have moved between institutions.
Citation analysis (Section 4.7)
The citation-specific data used in these calculations were extracted from two sources: Google Scholar and ISI Web of Science.
Analysis based on M&S technique (Section 4.8)
To capture data pertaining to the M&S technique used, two authors independently and critically reviewed all papers by reading their abstracts and, if in doubt, reading the whole article. Furthermore, the authors scrutinized papers that had coding discrepancies; the objective was to reconcile the differences pertaining to classification and to agree at a decision. Indeed, this exercise often necessitated revisiting previously classified papers for the sake of consistency. The authors then grouped the M&S techniquerelated data under specific headings. Since this required subjective decision making, regrettably, the tables presenting this analysis cannot be recreated. The authors also admit that the inclusion of a third reviewer could have changed the groupings to an extent; however, it is arguable that the important M&S categories identified and their corresponding frequencies would still have remained largely consistent with the present findings.
Analysis based on M&S application areas/sectors (Section 4.9)
Since this variable categorization required subjective decision making, we adopted a peer-review methodology similar to that used above.
Analysis based on the context of the application of M&S in particular areas/sectors (Section 4.10)
We adopted a peer-review approach similar to that used for the analysis of the variables pertaining to M&S technique and M&S application areas/sectors. Again, the objective of this was to eliminate any unintended prejudice that could have been a result of authors' biased decision making.
Analysis of future research directions (Section 4.11)
Collection of data was made possible through the search for the keyword 'future' in the full text of the papers and, additionally, by reading the concluding section of every paper (these could be sections with titles such as, summary, findings and conclusion, discussion and conclusion, future research, etc.). If the keyword was found then the associated sentence/paragraph was read so as to ascertain whether the word was used in the context of future research, and if the answer was yes, this was duly noted. Similarly, the concluding section of each of our 525 papers was read in order to identify pointers for future research. It is to be noted that a number of future research directions are direct quotes from authors; however, these have not been referenced since it was not practical to include hundreds of references in our text. Finally, the future research topics were categorized under broad headings and more specific sub-headings in order to meaningfully present the information. The next section presents the findings of this study; however, the authors would like to voice a note of caution to the readers with regards to interpreting the data presented in this section. We emphasize that the findings of this study, in terms of most productive authors and institutions with the most contributors, should be regarded as indicative only of the journal's activity. This is because our journal-specific profiling exercise does not take into consideration several leading researchers, institutions and seminal research papers as they have not been published in this journal within the timeframe of the analysis.
Findings
Our profiling exercise concluded in a series of findings. These findings are described in this section under separate headings; each heading is associated with a particular variable. More specifically, findings that relate to authors include authorship count (Section 4.1), average number of authors (Section 4.1), authors' designation (Section 4.3) and authors' publication analysis (Section 4.6); authors' affiliation-related findings include geographical locations (Section 4.2), institutional departments (Section 4.4) and universities (Section 4.5) associated with the majority of publications; the finding that is associated with authors' publication is citation analysis (Section 4.7); findings that are applicable to the discipline of M&S include, the identification and categorization of M&S techniques (Section 4.8), identification of the broad areas/sectors associated with the application of M&S (Section 4.9) and the context of its application (Section 4.10); the final analysis is on the agenda for future research (Section 4.11).
Analysis based on authorship
Our analysis pertaining to the number of authors revealed that the total instances of authors that have contributed to the journal during the period 2000-2010 is 1501 (this includes seven authors who have double affiliations). The number of unique authors is 1250. Of these, 1116 (89.28%) have contributed to one paper and the remaining 134 authors have more than one contribution. Moreover, 464 (37.12%) authors appear as first authors and the remaining 786 are contributors/co-authors. Among the papers published, 13.3% were single-authored, 30.5% were by two authors, 31.2% by three authors (this forms the largest category), 14.1% by four authors, 6.3% by five authors and almost 4.6% were by six to eight authors (Table 3 ). In general, the average number of authors per paper was 2.84. As shown in Table 4 , there seems to be a slight increase in the average number of authors from 2005 onwards. 
Analysis based on authors' geographic location
Our analysis of the authors' affiliations revealed that contributors came from 58 different countries, with the US (38.7%) clearly dominating. The second (5.6%) and the third (5.3%) largest categories were formed by authors affiliated to either Spanish or Canadian institutions, respectively. France, UK and the Netherlands were next in the list. Table 5 shows the top 20 countries in terms of (a) the geographical location of the authors' affiliations (columns 1-3) and (b) the total region-specific contributions of the authors taking into consideration the fact that authors could have contributed to more than one paper (columns [4] [5] [6] . The actual number of contributions is 1494, but 7 of the authors appear in the database with double affiliations and thus the total contributions are considered to be 1501. It is perhaps not surprising that the largest contribution is from the US. This is because the journal was created and established in the US with US editors. However, the large representation of other countries indicates the journal's international audience and reputation.
Analysis based on authors' designation
This analysis considers authors' background to be in either University or non-University. Our analysis has shown that the vast majority of the authors were from the academia: 1071 authors; 85.7% compared with only 14.2% (178 authors) from the industry. This is true even though numerous papers are based on case studies (such papers generally highlight the prevalence of M&S in organizations). The predominance of authors from academia is fairly consistent throughout the period of analysis. Five authors appeared to switch between academia and practice in the period under examination, and in this case we classified the authors under the category related to most of their publications; in cases where the contributions was equal, the authors were categorized under their most recent affiliations. Table 6 lists the top 15 author title/position. It is to be noted that 14.8% of the authors (total of 185 authors) had not indicated their title in the author biography section: this was the third largest category (excluded from percentage calculations in Table 6 ). Our analysis shows that the Students (the vast majority studying for a PhD) and Professors were the top two author designations, each contributing to approximately 18% of publications. This was followed by Assistant Professor (12.9%) and Associate Professor (11.1%). In a number of educational systems (like in the UK), the designation of Lecturer and that of Senior Lecturer are given to academic staff working in the Universities (these can be considered equivalent to Assistant Professor and Associate Professor, respectively). Thus, combining Assistant Professor and Lecturer into a single category gives a total of 198 publications (third in the list: this is unchanged for Assistant Professor); similarly, combining Associate Professor and Senior Lecturer would mean a total of 157 publications from this joint category (fourth in the list: this is unchanged for Associate Professor). Our analysis also shows the comparatively fewer contributions from primarily research-only staff (e.g. Research Assistant, Research Fellow, Postdoc). Table 7 ). Our analysis of the department/school-specific affiliation information showed that the largest number of contributors were from departments/schools under the umbrella category of Computer Science, Information & Communication Technologies (ICT) and Electronics Engineering (62%). Arguably, one reason for this is the large number of special issues that have focused on Telecommunications, Network M&S, Multiprocessor Systems and Parallel and Distributed Simulation and related areas ( 
Analysis based on authors' institutional affiliations
For our next analysis we consider the affiliation information provided by the authors. Our data shows that 476 different institutions have been represented in the journal between 2000 and 2010, each institution contributing to one or more articles. 29 of the authors have changed affiliation during the years. In this case we have used either the affiliations with which they have most of their contributions or, if this is even, the most recent of their affiliations.
4.5.1
Institutional publication analysis using normal count (University only). The breakdown of the number of papers with regards to the contribution of the top 20 universities is illustrated in Table 8 (columns 1 and 2). Columns 3 and 4 show the number of unique contributors/authors affiliated to a particular educational institution. Finally, columns 5 and 6 show the total number of contributions from all the authors affiliated to specific universities. Data for columns 5 and 6 is obtained from our database by counting the occurrence of different educational institutions associated with the authors of a paper. We call this the total contributions approach. This measure is different from the number of papers that each university has contributed to (columns 1 and 2), since there are papers with more than one author from the same institution. It is also different from the number of contributors/authors affiliated to a particular university (columns 3 and 4) because an author may have contributed to more than one paper. The total contributions approach results in the combined count of all authors being greater than the total number of articles.
From Table 8 we see that Arizona State University is ranked first with the largest number of papers (20) , authors (29) and total contributions (41). Georgia Institute of Technology and Amirkabir University of Technology (Iran) rank second and third, respectively, with regard to unique authors and total contributions. Georgia Institute of Technology also features as the third largest contributor in terms of total number of papers, with the second spot being taken by University of Arizona. The majority of the remaining Universities that feature in the top 10 list are based in the US. The non-US Universities include, Nanyang Technological University and National University of Singapore (Singapore), Aristotle University of Thessaloniki (Greece), Indian Institute of Technology (IIT) -Kharagpur, Indian Institute of Science (IISc) -Bangalore (India) and Brunel University (UK).
4.5.2
Institutional publication analysis using weighted count, adjusted count and straight count (University only). In this section we present the institutional publication analysis yet again, but using three additional measures/productivity weighting schemes, namely, normal count, weighted count and adjusted count (please refer to Section 3). Table 9 lists the top 20 institutions in relation to weighted count and adjusted count analysis; for straight count, the 
Analysis based on authors' publications (author publication analysis)
The focus of our next analysis was to determine the authors who have published the most number of papers during the period 2000-2010. As in Section 4.5, the analysis is presented using various measures, e.g., using normal count (Section 4.6.1), weighted count, adjusted count and straight count (Section 4.6.2). Unlike the previous section, however, the analysis includes all the authors, irrespective of whether they are affiliated to Universities or to practitioner organizations.
4.6.1 Author publication analysis using normal count. For assessing research productivity we counted the number of publications from each author/co-author. Table 10 lists the 13 most published authors, along with their affiliations (most contributed affiliation) and geographical locations, sorted by the number of publications as well as alphabetically for authors sharing the same number of publications.
In order to present the findings of this analysis, we have included only those authors in the table who have published five or more articles during the period studied. In addition to these 13 authors, our analysis shows that 15 authors contributed to 4 articles, 25 authors to 3 articles, 81 to 2 articles and, finally, the largest number of authors (1116) contributed to just the one article. Table 10 shows that, in total, the 13 authors have contributed to 81 scholarly publications, of which they were the first authors for 26 articles. Wainer GA (Carleton University) and Chen EJ (BASF) have the most number of publications with first authorship (five each). Roughly half the authors in this list belong to US-based institutions; two authors are affiliated to Nanyang Technological University (Turner SJ and Cai W) and only one author is affiliated to a non-University entity (Chen EJ, BASF). 4.6.2 Author publication analysis using weighted count, adjusted count and straight count. Author publication is further analyzed based on normal count, weighted count and adjusted count (please refer to Section 3). Table 11 lists the top 10 most published authors in relation to weighted count and adjusted count; for straight count, the table lists only those authors that have three or more publications as first author (although this is identical to the First Author field in Table  10 , the resultant data is dissimilar since the filters applied are different).
The table shows that Wainer GA and Chen EJ feature prominently in our analysis, with both of the authors taking up the top two positions with respect to weighted count and adjusted count, respectively. Wainer GA and Chen EJ are also tied at the top spot for straight count analysis (this has also been identified in Table 10 ). Further, Bhatnagar S, Boukerche A, Karatza HD and Sadoun B feature in all three analyses; Fishwick PA, Giambiasi N, Zeigler BP and Znati T are present in two analyses.
Citation analysis
We conducted a citation analysis to determine the research impact of the papers published in the journal. Citation counts can be extracted from different alternative databases such as Google Scholar and ISI Web of Science. However, recent studies have compared these databases to illustrate that both these databases possess some shortcomings which may affect the quality and the precision of citation data. [18] [19] [20] For example, Jasco 20 found that Google As can be seen from the table, the article by Geem ZW has the highest number of total citations in both Google Scholar and ISI Web of Knowledge; the following four most-cited papers (in Google Scholar) also appear in the top five list pertaining to ISI Web of Knowledge, albeit in a different order. There are six papers (Teo YM, Kljajic M, Kofman E, Athanasiadis IN, Ntaimo L and Muzy A) that appear in either one of the citation databases. The papers in the most-cited list cover a breath of M&S techniques (multi-paradigm modeling, Monte Carlo, discrete-event simulation, optimization, etc.) and application areas (manufacturing, distributed computing, environment, etc.). There are four papers on DEVS and several papers on agent-based simulation and systems biology. publication. This is yet another way to measure the research impact of articles by taking into account the years passed since publication. This is important since older articles have a higher chance of having more citations, and average citations (or 'citations per year') allow comparative citation measures amongst articles. Table 13 provides citation data from both Google Scholar and ISI Web of Science and ranks the articles according to the number of Google Scholar average citations.
As can be seen from Table 13 , the paper authored by Geem ZW has the highest number of average citations. This article also has the highest number of total citations in both Google Scholar and ISI Web of Knowledge. The articles by Railsback SF and Luke S have the second and the third highest average citations, respectively. Again, both of these articles were identified among the top five list of most-cited papers in Table 12 . There are six papers that were identified in the aforementioned table, but they do not appear in Table 13 (Wainer GA, Teo YM, Kljajic M, Mosterman PJ, Kofman E, Ntaimo L). The new papers that have been identified in the list of articles with the highest average citation are the papers by Denzel WE, Mittal S, Hamida EB, Fassò A, Tyan H-Y, Newport C and Core M.
Analysis based on M&S technique
In this analysis we present the M&S techniques that were reported in the papers published in the journal, grouped under different categories, and report on their frequency of use. Section 3 gives more information on the methodology used to capture and group the data. We have assigned one M&S technique for each article. Articles that deal with multiple M&S techniques have been clustered either under Multiple Techniques (where there is equal emphasis on As has been mentioned in the methodology section, the authors had to take subjective decision with regard to the categorization presented in this section. The other prominent categories in Table 14 include Parallel and Distributed Simulation (69 occurrences), System Modeling with 67 occurrences (this includes mathematical and equation-based modeling, statistical modeling, Petri nets, Markov chains, Bayesian networks, etc.), DEVS and other Formalisms with 37 occurrences and Operations Research Techniques (22 occurrences). Table 15 presents the areas/sectors that have seen the application of simulation techniques in the years 2000 to 2010. We have identified a total of 29 application areas ( Table 15 ). The first position is occupied by the general area of Methodology and the second position is taken by the Telecommunications sector. The predominance of Methodology implies that majority of papers analyze and develop specific techniques and focus more on the method rather than on testing their application on a specific sector. Healthcare and Military/Defense have the 6th and the 7th positions with regard to the application of M&S.
Analysis based on M&S application areas/sectors

Analysis pertaining to the field (within an area/ sector)
For this analysis we have applied the methodology described in Section 3 to identify the context of the application of M&S within an area/sector. We started with the 29 application areas that we identified in the previous analysis. The papers reporting on the use of M&S techniques (Section 4.8 presents this analysis) and its application area (Section 4.9 presents this analysis) also provided information on the application context (this analysis is presented here). We collated this information and this is presented in Table 16 . As can be seen from the table, the category Methodology was applied in several contexts, for example, framework (10 occurrences), time management related to parallel and distributed simulation (9 occurrences), component-based M&S (3 occurrences), etc. Similarly, M&S techniques were applied to the Telecommunication sector in contexts such as analysis of networks (12 occurrences), quality of service (6 occurrences), analysis of protocols, e.g. routing protocol, flow control, physical layer, access/admission control (numerous occurrences) and network power management (4 occurrences).
The data presented in Table 16 (and indeed the previous two tables, Tables 14 and 15 ) provide a reference point for discussions pertaining to the discipline of M&S. As the readers would note, the peer-review approach was adopted for capturing variable values pertaining to the M&S technique used (Section 4.8), M&S application areas/sector (Section 4.9) and the context of the application of M&S in particular areas/sectors (Section 4.10). The objective of this was to eliminate any unintended prejudice that could have been a result of authors' biased decision making. However, we would like the readers to be aware of certain limitations of the classification schemes that have been presented in the aforementioned tables. The limitations are discussed in the next paragraph with reference to the literature profiling methodology outlined in Section 3.
As the peer-review approach was being conducted, it became evident that the majority of the discrepancies arose from the differing categorization granularity being adopted by the authors. For example, whether a paper on 'agentbased distributed simulation' is codified under a new category with the same name or under an existing category (e.g. 'Agent-based M&S' or 'Parallel and Distributed Simulation') would be dependent on how specific the authors wanted the categorization to be (keeping in mind that the number of categories should be manageable) and, in instances where the authors independently decided against creating a new category, whether the authors felt the paper was better represented by one or the other of the available umbrella categories. In cases where there was no consensus with regard to codification, we created a new sub-category and assigned it to an overarching category with the best fit (this was unusually achieved subsequent to reading the full text). Taking the previous example, a sub-category called 'Agent-based Distributed Simulation' was created and it was placed under the existing category of 'Parallel and Distributed Simulation'. In summary, the tables that we have collated have a wealth of information in them, and although we do not claim that our categorization is authoritative or objective, we believe that they can be used as a source of scholarly reference, discussion and debate.
Agenda for future research
In this final analysis we have identified a total of 313 papers that report future work (approximately 60% of the 525 papers analyzed). Of these 313 papers, a total of 238 papers (76.03%) have mentioned the keyword 'future' in relation to future work (refer to Section 3). The work that was reported in these papers was either general/broadranging (e.g. grand challenges, new research direction, inter-disciplinary research, methodological improvements applicable to a field, new tool/language development) or they were specific to work being reported by the authors (e.g. extension/enhancement to the algorithm/model presented, further implementation of research artifact, further experimentation and analysis, extending the results of the study, further investigation of issues identified in the current study, application of the proposed approach to other problems in the same domain/different domains). We identified a total of 91 papers (out of 313: 29.03%) in the former category and 248 papers (79.23%) in the latter, with only 8% of papers reporting on both general and specific future research. In this analysis we have included only the 91 papers that have set a broad-ranging future research agenda: these are listed in Table 17 , categorized under several headings and sub-headings. The headings were selected based on their frequency and its sole purpose is to meaningfully group the identified future research topics. One limitation of this analysis is that it uses only a single keyword 'future' in the full-text search; it does not appreciate the fact that the authors may use other words such as 'further', 'extend', 'next step' to indicate the future research agenda, thereby potentially omitting these papers from further analysis. However, it can be argued that the numbers of such papers are minimal since we have also read the concluding section of the 525 papers included in our analysis, and a vast majority of papers include future research in their conclusion.
Discussion and conclusion
Results from this profile are useful to the readers, the society (SCS) and the editors of SIMULATION. This utility derives not only from general observations about the resulting statistics, but also from questions that arise and which may need to be considered as the journal continues to evolve. The journal remains a vibrant, and essential, forum for simulation practitioners and researchers from a wide array of countries, and for an equally wide array of topics. Table 1 depicts a time series showing substantial peak activity in the years from 2005 to 2007, with the sole exception of 2002 where there were 55 papers. Why these hills and valleys? They may correspond with management or editorial policy changes, or they could be 'noise'. The special issue titles in Table 2 provide a way to gauge the relative importance placed on certain areas by editors. For example, when all of the words in Table 2 (column 3) are analyzed by word frequency, 21 as expected, words such as 'systems', 'simulation', and 'modeling' have relatively high frequencies.
The remaining top words such as 'performance', 'distributed', 'wireless', and 'network' suggest a focus on architectures and networks. This is somewhat expected since computer networks are both a domain of study for simulation, and a means to achieve faster simulations. These word frequencies also suggest that perhaps the journal needs to expand into other areas not related to performance, for diversification and broader coverage. The mean number of authors (Table 3) is not too surprising in engineering-related journals with two-and three-author papers capturing over 60% of all papers. Table 5 must be considered carefully since the results are meaningful, but not normalized by country population size. For example, Singapore has just over 5 million people, whereas the United States has 307 million. Table 5 shows 484 unique authors from the U.S. and 20 from Singapore. When normalized using per capita figures, Singapore shows 4 authors per million people, and the U.S. shows 1.57 authors per million. One also needs to keep in mind relative densities: Singapore is highly concentrated in space with significant high technology, whereas the spatial variations differ in other countries. Table 7 shows that most academic papers come from information technology-based departments. Should other department M&S related Inter-disciplinary: Integration of multi-agent and game theory in the context of addressing the negotiation problem; Research on organizational adaption using information held by organizations (for e.g., in HR databases); Combining network-based epidemic simulations, spatial visualization, and geographic information in order to clarify spatial and temporal characteristics when analyzing pandemic preparation and control measures (Healthcare); Modeling Agent Behavior: Modeling of crowd behavior (including, obtaining observational data on pedestrian dynamics); Modeling adaptive cognition in agent-based models; Modeling the emergence of social norms; Incorporating decision model into existing military simulation systems to enhance their decision-making capability (Military/Defense); To model biological processes for which only knowledge exists about rough correlations, instead of well-established causal relations;
Training: Developing simulations to support training soft skills such as leadership, cultural awareness, and negotiation tactics (Military/Defense); Interactive training simulations that allow multiple trainees to connect to the simulations in order to stimulate cooperation among them (Military/Defense); Usability of ABS: Improved documentation (including complete documentation of classes and methods, with examples); Continued development and maintenance of template models and "how-to?" documents; Integration of ABS software libraries with Integrated Development Environments (IDEs) like Eclipse; Improving the trade-off between ease of use and generality of ABS platforms; B. Communication Networks Application-Specific: Comparing different multicast congestion control algorithms in a very large group environment (Multicast Applications); Development of models to mimic streaming applications (Streaming Applications); Models: Development of scientific and engineering foundation for detailed models that characterize physical layer characteristics such as signal propagation, signal attenuation due to terrains/foliages, multi-path fading, shadowing, jamming and interference; Development of scientific and engineering foundation for power consumption models incurred in CPU, memory access, NIC processing, coding/ modulation and other associative circuitry (such as acoustic sound, seismic or temperature sensors and actuators); Network-Specific: Future research in tool for simulating the transmission of connection-oriented traffic over a constellation of LEO/MEO (low/medium earth orbit) satellites (Space-based Network); Issues related to mixing traffic at different levels of resolution with different load demands (Large-scale Networks); Development of sophisticated simulation models to better quantify the upstream (client) and the downstream (server) and server behavior (Networks with High-speed Data Access); QoS: Development of a broader class of scheduling algorithms for QoS support in WANs and to compare their performance against different types of traffic (Wide Area Network); Routing: Thorough evaluation of the impact of network topology on the performance of routing algorithms; Adapting localized routing to vast networks such as the Internet through a combination of local information and aggregate global information; Future research on hybrid routing in ultra-large-scale networks and wireless sensor networks; Research towards scalable and lightweight routing protocols for very large-scale mobile ad hoc networks; Implementation of models for content-based routing, data diffusion, and information dissemination; Security: Simulation of diverse types of network intrusions ; Implementing of robust attack-detecting functions for Intrusion Detection Systems (IDS) ; Future research on developing web services for Network Traffic Analysis (NTA); Development of simulation models with vulnerability database for the fast construction of various model types according to attack types and security policies; Development of scientific and engineering foundation for models of various intrusion/attack scenarios (such as denial of service, man-in-the-middle attack, message tampering, eavesdropping and replaying); Development of scientific and engineering foundation for representative security mechanisms/policies in the literature (such as packet sniffers, IPV6, IPsec, firewalls and DNSSEC) and key distribution/authentication mechanisms; C. Component-based Modeling and Simulation/ Interoperability/ Model Sharing and Reuse DEVS: Research in distributed reconfiguration and port-based structure transformation is needed to conduct safe and efficient dynamic change of component-based systems; Interoperability: Research in interoperability of Multi-Paradigm Modeling techniques to achieve the objective of enabling the modelers to use different modeling techniques in conjunction; Model interoperability in military simulations (Military/Defense); Interoperability between C4ISR (Command, Control, Communications, Computers, Intelligence, Surveillance and Reconnaissance) systems and simulation (Military/Defense); Need for true ''plug-and-play'' interoperability of simulations and supporting software (Manufacturing); Research in workflow modeling & simulation and HLA will facilitate supporting the next-generation of information systems for interoperating networked enterprises (Enterprise Process Modeling); Model Sharing and Reuse: Research into global compositional consistency related to construction of models from reusable components; Development of a shared air transportation simulation repository of data, models and computational tools, together with processes (including administrative processes) by which institutions may access, contribute and benefit from this repository (grand challenge in aviation); D. Computing and Simulation Experimentation Computational Efficiency: Research into methodologies pertaining to simulation experimentation that achieve a compromise between efficacy (or achieving the optimum decision among many competing alternatives) and efficiency (or time required to achieve it); Increasing the computational efficiency of genetic algorithms for modeling of ecological systems (Ecological Systems);
(continued) Table 15 shows some strength areas over application coverage, but also areas for future exploration by the editors: should other areas such as education, defense, and aviation be targeted for wider coverage?
In conclusion, this paper has profiled literature published in SIMULATION: Transactions of the Society for Modeling and Simulation International, from the turn of the millennium to 2010. As the SCS celebrates its 60th anniversary this year, it is important to acknowledge the scholarly contribution of the Society in the development of the field of M&S. It is with this objective that we have presented analyses on institutions (e.g. those associated with the majority of publications), authors (e.g. authors with the most publications) and articles (e.g. total citations and average citations). Further, this paper has presented findings on M&S application areas, M&S techniques and M&S application contexts, and it is expected that this will further add to our understanding of the evolution of this field of M&S. Finally, through this exercise we have attempted to review and reflect on the development of the journal during the period of our analysis.
